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Liver.Abstract Carbofuran is known to inhibit neurotransmission system of insects. The present study
was undertaken to evaluate the possible ameliorative effect of curcumin on carbofuran induced
alterations in energy metabolism in brain and liver of rats. The results demonstrate that carbofuran
caused a significant inhibition of lactate dehydrogenase (LDH) activity in rat liver but an increase in
LDH activity in the brain. Increased LDH activity was also observed in the serum indicating organ
damage in treated animals. Carbofuran caused an increase in level of pyruvic acid in rat liver but a
decrease in the brain. A decrease in the level of soluble protein was also observed in the tissues stud-
ied. Pretreatment of animals with curcumin resulted in significant amelioration of the altered
indices. These results indicate that carbofuran at sub lethal concentrations may adversely alter
energy metabolism in brain and liver of non-target mammalian systems. Pretreatment of animals
with curcumin may exhibit a potential to mitigate the carbofuran induced toxicity.
 2016 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
An increasing use of pesticides in the past few years has
resulted in their accumulation in biotic and abiotic systems
(Milatovic et al., 2006; Zaahkouk et al., 2000). Organocarba-
mates and organophosphates (OP) are some of the frequently
used pesticides (Milatovic et al., 2006). The underlying mecha-
nism of action of OP pesticides involves irreversible inactiva-
tion of acetylcholinesterase (AChE) via formation of an ester
bond with hydroxyl group of serine residue present at the
active site of AChE, which is essential to regulate neurotrans-
mission in insects, animals and humans (Agrawal and Sharma,
2010). Carbamates, on the other hand, cause reversible inhibi-f lactate
2 S.K. Jaiswal et al.tion of AChE by carbamylation of serine residue of AChE,
exhibiting relatively low toxicity as compared to OP.
Carbofuran (C12H15NO3; 2,3-dihydro-2,2-dimethyl-7-ben
zofuranol methylcarbamate), commonly known as furadan,
is a carbamate pesticide used in farm practices to increase crop
productivity. It is also used as an insecticide, nematicide and
acaricide due to its short half life in the environment (Gupta,
1994; Gupta et al., 2000; Jaiswal et al., 2014). Carbofuran
being a broad spectrum pesticide is ubiquitously used to pro-
tect agricultural and house hold items. However it gets accu-
mulated in the environment and hence adversely affects
different organs such as brain, liver, skeletal muscles and heart
of even the non-targeted mammalian systems (Gupta, 1994;
Jaiswal et al., 2013; Kaur and Sandhir, 2006; Rai et al.,
2009). Due to its ubiquitous presence, it has been detected in
the maternal plasma, umbilical cord and blood of African–
American women and new born babies, respectively (Whyatt
et al., 2003).
Though significant research has been done on the choliner-
gic effects of carbofuran, there is little information on the
effect of carbofuran on energy generating pathways. Pesticide
treated animals have been shown to display altered level of aer-
obic metabolism resulting in perturbed production of ATP
through TCA cycle. Pyruvic acid, a metabolite from glycolysis,
is utilized in the form of Acetyl-S-CoA in the TCA cycle. Nor-
mally, the excess pyruvic acid undergoes a redox chemical
reaction catalyzed by lactate dehydrogenase (LDH) using
NADH/NAD+ towards reversible conversion of pyruvic acid
to lactic acid. Perturbations in TCA cycle under influence of
pesticide may cause significant changes in the concentrations
of pyruvic acid/lactic acid. Pesticides have been reported to
inhibit TCA cycle in the mammalian systems (Griffaton
et al., 1978; Singh et al., 2009). Pesticides may cause an
increase in the concentration of pyruvic acid, which may stim-
ulate LDH activity in the tissues of the treated animals. Gupta
et al. (1991) have demonstrated that carbofuran treatment
causes perturbations in the total enzyme activity as well isoen-
zymic profile of LDH. These workers have suggested that
membrane damage or membrane leakage may be the possible
reason of altered LDH activity in different body tissues of rats
treated with carbofuran. However, there is no information
available regarding the status of LDH activity in the mam-
malian systems treated with repeated doses of carbofuran
and the possible ameliorative effect of curcumin on carbofuran
induced alterations.
Lactate dehydrogenase (LDH EC 1.1.1.27) is a soluble
cytosolic enzyme present in most of the living cells. It catalyzes
the reversible oxidation of L-lactate to pyruvate with
nicotinamide-adenine dinucleotide (NAD+) as hydrogen
acceptor in the final step in the metabolic chain of anaerobic
glycolysis (Nathan et al., 2006a,b; Singh and Sharma, 1998).
The anaerobic carbohydrate metabolism occurring via gly-
colytic pathway is importantly regulated by LDH at its termi-
nal step. LDH is a biomarker widely used in toxicology and in
clinical chemistry to diagnose cell, tissue and organ damage
(Nathan et al., 2006a,b; Kaplan and Pesce, 1996). Any alter-
ation occurring in the level of LDH activity reflects on to the
metabolic changes in the affected tissues (El-Demerdash,
2011; Fetoui et al., 2009).
Turmeric is obtained from the rhizome of Curcuma longa
which belongs to the family, Zingiberaceae. The yellow color
of turmeric is due to active ingredient, curcumin, a polyphenolicPlease cite this article in press as: Jaiswal, S.K. et al., Studies on the ameliorative eﬀ
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strated to exhibit antioxidant activity against pesticide-induced
oxidative DNA damage in human peripheral blood mononu-
clear cells under in vitro conditions (Ahmed et al., 2011).
Curcumin has been also reported to prevent cancer by suppressing
tumor initiation process and metastasis. Its application is rela-
tively safe as its toxicity has not been reported even at a dosage
of 10 g/day (Aggarwal et al., 2003; Aggarwal and Harikumar,
2009). Turmeric has also been reported to possess anti-
inflammatory activity. Curcumin is used as a spice and an
anti-inflammatory compound (Dattani et al., 2010; Nanji
et al., 2003; Wolkmer et al., 2013). Due to presence of phenolic
and methoxy groups on the phenyl ring and 1,3-diketone in
curcumin, it acts as a strong antioxidant exhibiting free radical
scavenging and metal binding properties (Kakkar and Kaur,
2011; Lee et al., 2010; Yadav et al., 2011). Curcumin has been
reported to possess the ability to cross blood brain barrier in
mammalian systems (Orlando et al., 2012; Yang et al., 2005)
and thereby exert its protective effect on brain.
The present study is an attempt to establish the effect of
repeated sub-acute doses of carbofuran on LDH activity in
two important tissues of the mammalian system viz., brain,
liver and serum. The prophylactic effect of curcumin on carbo-
furan treated rats has also been evaluated in terms of the
recovery of LDH activity from inhibition.
2. Materials and methods
2.1. Chemicals
Carbofuran (2,3-dihydro-2,2-dimethyl-7-benzofuranyl N-
methylcarbamate) in powered form was a gift from Rallis
India Limited, Bangalore India. Groundnut oil was purchased
from the local market. Curcumin was purchased from Sigma–
Aldrich Inc. USA. Tris, NADH, KCl and sodium pyruvate
were purchased from Sisco Research Laboratories Pvt. Ltd.
Mumbai, India. Bovine serum albumin (BSA), sodium potas-
sium tartrate, copper sulfate and other chemicals were pur-
chased from MERCK-Darmstadt, Germany.
2.2. Animals
Twenty-four male Wistar rats weighing 100–130 g were pur-
chased from Central Drug Research Institute, Lucknow, India.
The animals were acclimatized for one week at ambient tem-
perature in polypropylene cages in the laboratory. Each cage
contained 6 animals, fed daily with standard pellet purchased
from Dayal Industries Ltd. Lucknow, Uttar Pradesh, India.
All the experimental procedures were designed according to
the Institutional Ethical Committee of the University.
2.3. Treatment of animals with carbofuran and curcumin
After one week of acclimation, the animals were divided into
four groups viz., Group 1: control (C) received orally 0.5 ml
groundnut oil orally for 6 days at the interval of 24 h, Group
2: Carbofuran treated group (CF) which received 1.6 mg car-
bofuran kg1 body weight (20% LD50) in 0.5 ml groundnut
oil orally for 6 days at the interval of 24 h, Group 3: Curcumin
treated group (Cur) which received 100 mg curcumin kg1
body weight in 0.5 ml groundnut oil orally 6 days at theect of curcumin on carbofuran induced perturbations in the activity of lactate
doi.org/10.1016/j.sjbs.2016.03.002
Figure 1 Effect of carbofuran and curcumin treatment on LDH
activity in the brain of rats. C: control group treated with
groundnut oil; CF: carbofuran treated group; Cur: curcumin
treated group; Cur + CF: group which received curcumin 30 min
prior to carbofuran. The unit of enzyme activity is expressed as
lmole/min/mg protein. The values were expressed as mean ± SD;
n= 6, where n= number of determinations. ***P< 0.001 when
compared to control group. *P< 0.05 when compared to control
group. ns- non significant when compared to control group.
Protective effect of curcumin against carbofuran toxicity in rats 3interval of 24 h, Group 4: Curcumin plus carbofuran treated
group (Cur + CF) which received 100 mg kg1 body weight
curcumin followed by carbofuran (1.6 mg kg1 body weight)
after 30 min for 6 days at the interval of 24 h.
2.4. Preparation of tissue homogenates
Rats were sacrificed using mild chloroform anesthesia followed
by cervical dislocation 24 h after the last dose of carbofuran.
Blood was collected by heart puncture in sterilized centrifuge
tubes and allowed to clot to obtain serum which was stored
at 20 C. Whole brain and liver were dissected out, washed
in chilled isotonic saline (0.9% NaCl), blotted to dryness and
weighed. The homogenates (10%, W/V) were prepared in
0.25 M sucrose solution and centrifuged at 9000g for 30 min
at 4–6 C. The supernatants were used for determination of
LDH activity and protein concentration.
2.5. Determination of LDH activity in the liver, brain and serum
The activity of LDH in cell free extract of brain, liver and
serum was measured by the method of Horecker and
Kornberg (1948). 3 ml of reaction mixture contained 0.2 M
Tris–HCl buffer, pH 7.4, 0.1 M KCl, 50 mM sodium pyruvate,
2.4 mM NADH and suitably diluted enzyme. The enzyme
activity was monitored as decrease in the absorbance at
340 nm for 3 min. The enzyme activity was expressed as l
moles of NADH oxidized min1 mg protein1.
2.6. Determination of pyruvic acid in the liver and brain
The level of pyruvic acid in the brain and liver of rats was
determined colorimetrically as described elsewhere (Anthon
and Barrett, 2003). The concentration of pyruvic acid was cal-
culated from a standard graph using sodium pyruvate as the
standard. Pyruvic acid concentration was expressed as
ng mg1 wet tissue.
2.7. Determination of total protein in the liver, brain and serum
The protein content present in different samples was measured
according to the method of Lowry et al. (1951) using bovine
serum albumin as a standard.
2.8. Statistical analysis
Data are presented as mean ± standard deviation using
Graph Pad Prism version 5.01 for Windows, Graph Pad Soft-
ware, San Diego California USA. Data were analyzed usingTable 1 Effect of carbofuran on the level of pyruvic acid in brain
Tissues Control CF
Braina 114.0 ± 11.34 62.99 ± 6.414***
(44.77%)
Livera 170.3 ± 26.65 366.6 ± 36.55***
(+115.26%)
ns = non-significant, CF = carbofuran, Cur = curcumin, n= 6. All the
a Pyruvic acid ng mg1 wet weight of tissue.
*** Significant at P< 0.001 when compared to control group..
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compared using Bonferroni’s Multiple Comparison Test and
considered significant at P 6 0.05.
3. Results
3.1. Carbofuran induced alterations in pyruvic acid
concentration in the brain and liver of rats and amelioration by
curcumin
The effect of sub lethal doses of carbofuran on the levels of
pyruvic acid in the brain and liver of rats was evaluated to
understand the influence of the pesticide on hepatic glycolysis.
Table 1 shows the effect of carbofuran and curcumin on the
pyruvic acid concentrations in the brain and liver of control
and treated rats. The results demonstrate that carbofuran
treatment caused a significant increase of 115% (P< 0.001)
in the level of pyruvic acid in liver when compared to control
rats. However a significant decrease of 59% (P< 0.001) was
observed in the concentration of pyruvic acid in the brain of
carbofuran treated rats when compared to control rats. Pre-
treatment of carbofuran treated rats with curcumin resultedand liver of Wister rat and amelioration by curcumin.
Cur Cur + CF
116.3 ± 12.03 ns 96.90 ± 10.85 ns
(15%)
158.4 ± 29.85 ns 208.3 ± 38.62 ns
(+22.23%)
values were compared with the control.
ect of curcumin on carbofuran induced perturbations in the activity of lactate
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Figure 3 Effect of carbofuran and curcumin treatment on LDH
activity in the serum of rats. C: control group treated with
groundnut oil; CF: carbofuran treated group; Cur: curcumin
treated group; Cur + CF: group which received curcumin 30 min
prior to carbofuran. The unit of enzyme activity is expressed as
lmole/min/mg protein. The values were expressed as mean ± SD;
n= 6, where n= number of determinations. ***P< 0.001 when
compared to control group. *P< 0.05 when compared to control
group. ns-non significant when compared to control group.
4 S.K. Jaiswal et al.in significant recovery in the levels of pyruvic acid in liver and
brain of the treated animals.
3.2. Tissue LDH activity is modulated by carbofuran and
curcumin imparts protection
The results presented in Fig. 1 indicate a significant increase
(P< 0.001) in LDH activity in rat brain due to carbofuran
treatment when compared to that of control rats. Curcumin
treatment alone did not have any significant (P> 0.05) effect
on the LDH activity in rat brain. However treatment of rats
with curcumin followed by carbofuran exposure resulted in
significant recovery (P< 0.05) of LDH activity in rat brain.
The effect of carbofuran and curcumin treatments on LDH
activity in liver of rats is shown in Fig. 2. Carbofuran treat-
ment of rats caused a significant decrease (P< 0.05) in hepatic
LDH activity when compared to that of control rats. Cur-
cumin treatment did not exert any significant (P> 0.05) effect
on hepatic LDH activity. However pretreatment of carbofuran
exposed rats with curcumin was able to restore LDH activity
in liver to near normal levels.
3.3. Carbofuran treatment perturbs serum level of LDH and
curcumin affords protection
LDH activity in the serum is normally recognized as a diagnos-
tic marker of tissue damage. Fig. 3 shows the effect of carbo-
furan and curcumin treatment on serum LDH activity in rats.
The results indicate a significant (P< 0.001) elevation of
serum LDH activity in carbofuran treated rats when compared
to control rats. Curcumin treatment alone caused no signifi-
cant alteration in serum LDH activity in rats (P> 0.05). How-
ever, treatment of rats with curcumin followed by carbofuran
treatment resulted in restoration of altered serum LDH activ-
ity to almost normal levels.Figure 2 Effect of carbofuran and curcumin treatment on LDH
activity in the liver of rats. C: control group treated with
groundnut oil; CF: carbofuran treated group; Cur: curcumin
treated group; Cur + CF: group which received curcumin 30 min
prior to carbofuran. The unit of enzyme activity is expressed as
lmole/min/mg protein. The values were expressed as mean ± SD;
n= 6, where n= number of determinations. *P< 0.05 when
compared to control group. ns- non significant when compared to
control group.
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tissues/serum and its amelioration by curcumin
Table 2 shows the effect of carbofuran and curcumin treatment
on protein concentrations in brain, liver and serum of rats. Sig-
nificant (P< 0.001) decreases were observed in the levels of total
protein in brain, liver and serum of rats treated with subacute
dose of carbofuran.Thedecrease in the protein content of carbo-
furan treated rats was highest in brain followed by liver and
serum when compared to similar tissues of control rats. How-
ever, pretreatment of rats with curcumin resulted in significant
recovery from the carbofuran mediated toxicity. Maximum
recovery was observed in rat brain followed by liver and serum.
4. Discussion
4.1. Carbofuran exposure influences the levels of LDH activity in
rat tissues and blood
Carbofuran is one of the carbamate groups of pesticides which is
known to reversibly inhibit the activity of AChE (Rai et al.,
2009; Jaiswal et al., 2013, 2014). Symptoms of overexposure in
humans include headache,weakness, abdominal cramping, nau-
sea, blurred vision, convulsion, tremor, and coma. Carbofuran
is also toxic to birds, fishes, and bees (Tenenbaum, 2008). The
effects of carbofuran have been attributed to accumulation of
acetylcholine (Milatovic et al., 2006). The present study demon-
strates that carbofuran treatment caused significant changes in
LDHactivity in the brain, liver and serumof rats. LDH is amar-
ker enzyme of energy metabolism. The significant rise in the
LDH activity in rat brain due to carbofuran exposure is note
worthy.Gupta et al. (1991) have demonstrated that a single dose
of carbofuran caused significant alterations in the activity of
total LDH activities in different tissues (liver, hemidiaphragm,
heart and kidney) and the serum of rats. These authors haveect of curcumin on carbofuran induced perturbations in the activity of lactate
doi.org/10.1016/j.sjbs.2016.03.002
Table 2 Effect of carbofuran on the level of protein in brain, liver and serum of Wister rat and amelioration by curcumin.
Tissues Control CF Cur Cur + CF
Braina 53.34 ± 6.585 28.90 ± 6.642***
(45.81%)
53.95 ± 9.648 ns 43.23 ± 6.250 ns
(18.95%)
Livera 88.70 ± 7.570 55.40 ± 5.152***
(37.54%)
89.39 ± 3.356 ns 76.56 ± 7.586 ns
(13.68%)
Serumb 84.22 ± 7.100 55.56 ± 5.056***
(34.02%)
82.43 ± 8.848 ns 72.10 ± 4.284 ns
(14.39%)
ns = non-significant, CF = carbofuran, Cur = curcumin, n = 6. The values in parenthesis indicate the percent change over control.
a mg g1 wet weight of tissue.
b mg ml1serum.
*** Significant at P< 0.001 when compared to control group..
Protective effect of curcumin against carbofuran toxicity in rats 5suggested that the decrease in enzyme activity couldbe due to the
membrane damage and leakage of LDH caused by carbofuran
exposure. They have also shown perturbations in the levels of
LDH isozymes in various tissues and the same has been demon-
strated to be associated with the differential impact of carbofu-
ran on the corresponding genes responsible for their synthesis
under this condition (Gupta et al., 1991). The increased LDH
activity in the brain of carbofuran treated rats observed in the
present study may be due to the over expression of LDH and
its isoenzymes as suggested by Gupta et al. (1991).Scheme 1 Pathway for conversion of glycolytic product, pyruvic acid
their respective coenzymes. The conversion of pyruvic acid into acetyl
+ E2 + E3) and its reduction into lactic acid catalyzed by lactate de
entry of acetyl-S-CoA into Kreb’s cycle is shown by an arrow. The utili
S-CoA and acyllipoyllysine as well as flavin adenine dinucleotide (FAD
and dihydrolipoyl dehydrogenase (E3), respectively are also displa
acetylcholinesterase (AChE) by pesticides are demonstrated on the top
Please cite this article in press as: Jaiswal, S.K. et al., Studies on the ameliorative eﬀ
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levels of LDH in rat brain
Though the exact mechanism of action of carbofuran on the
LDH activity in rat brain is not known, it appears that carbo-
furan influences the activity of this enzyme indirectly via
acetyl-S-CoA mediated inhibition of pyruvate dehydrogenase
complex (Scheme 1). Carbofuran is known to exert a negative
impact on the Kreb’s cycle in the rat brain due allosteric inhi-
bition of pyruvate dehydrogenase complex by the presence of, into acetyl-S-CoA and lactic acid involving different enzymes and
-S-CoA catalyzed by pyruvate dehydrogenase complex (PDH: E1
hydrogenase (LDH) are indicated on the left side of scheme. The
zation of coenzymes such as thiaminepyrophosphate (TPP), acetyl-
) by pyruvate dehydrogenase (E1), dihydroliyltransacetylase (E2)
yed. The inhibitions of Kreb’s cycle as well as the activity of
of the scheme.
ect of curcumin on carbofuran induced perturbations in the activity of lactate
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6 S.K. Jaiswal et al.excess of unutilized acetyl-S-CoA. Acetyl-S-CoA is an allos-
teric inhibitor of two key enzymes of pyruvate dehydrogenase
complex (PDH) viz., pyruvate dehydrogenase (E1) and dihy-
drolipoamide transacetylase (E2) (Mathews et al., 2003). The
inhibition of E1 and E2 may lead to accumulation of pyruvic
acid in the tissues. The increase in pyruvic acid concentration
in the liver of carbofuran treated rat may also be due to the
inhibition of LDH activity as observed in the present study.
The results of this study show decreased LDH activity in rat
liver treated with carbofuran which is in conformity with ear-
lier results (Singh et al., 2009). Gupta et al. (1991) have
reported an increase in the activities of various LDH isoen-
zymes in different parts of rat brain exposed to carbofuran.
El-Demerdash (2011) have reported a significant induction of
LDH activity by organophosphates and pyrethroids. Inhibi-
tion of AChE activity by carbamates has been found to cause
unremitting stimulation of nervous tissue and muscle, which,
in turn, causes depletion of ATP and phosphocreatine
(Milatovic et al., 2006). This in turn can lead to increased gly-
colysis and a concomitant increase in LDH activity as well as
decreased pyruvic acid concentration in the brain of rats trea-
ted with carbofuran. It may therefore be proposed that the
increase in LDH activity may be a compensatory mechanism
to maintain a homeostasis in the concentrations of pyruvic
acid and other glycolytic metabolites (Scheme 1). However,
the exact mechanism of action of organocarbamates on the
energy metabolism of mammalian systems remains unknown.
4.3. Effect of carbofuran on rat liver and serum LDH is different
from that observed in the brain
Though carbofuran caused an increase in LDH activity in rat
brain, it was found to have an opposite effect on the liver. The
results of the present study showed significant decrease in
LDH activity in the livers of rats exposed to sub-acute concen-
tration of carbofuran. A sharp decrease in hepatic LDH activ-
ity has been demonstrated in chlorpyrifos treated rats (Heikal
et al., 2012). Ismail (2013) has reported a significant decrease in
hepatic LDH activity in albino male rats treated with
malathion. Achudume et al. (2009) have demonstrated the
bioaccumulation of pesticides in the muscles, liver and brain
of rats. These authors have also demonstrated an inhibition
LDH activity in the muscles and liver of pesticide treated ani-
mals (Achudume et al., 2009). The decrease in hepatic LDH
activity observed in the present investigation may also be
due to the damage of hepatocytes causing loss of cellular
enzymes including LDH (Bagchi et al., 1995). The decrease
in hepatic LDH activity was accompanied by an increase in
serum LDH which further confirms this hypothesis. Lactate
dehydrogenase (LDH) is a cytoplasmatic enzyme present in
all major organs. The extracellular appearance of LDH has
been used to detect cell damage (Drent et al., 1996). In the pre-
sent study, pretreatment of carbofuran exposed rats with cur-
cumin afforded significant protection from the pesticide
induced hepatotoxicity and neurotoxicity. Increased serum
LDH has also been reported in rats exposed to an organochlo-
rine pesticide, lindane, which was attenuated by omega-3 and
Nigella sativa seed oil (Achudume et al., 2009). The protection
afforded by curcumin could either be due to its antioxidant
properties and/or induction of hepatic detoxifying enzymes
(Iqbal et al., 2003). The entire cascade of aforesaid biochemicalPlease cite this article in press as: Jaiswal, S.K. et al., Studies on the ameliorative eﬀ
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marized in the Scheme 1.
4.4. Carbofuran may be interacting at the level of protein
biosynthesis or degradation
The results of the present investigation show a significant
reduction in the protein content of liver, brain and serum in
carbofuran treated rats. A similar decrease in protein content
was observed in rats exposed to sodium arsenite (Kaltreider
et al., 2001; Nandi et al., 2005). The decrease in the protein
content in the studied tissues may be due to binding of carbo-
furan to glucocorticoid hormone receptor complexes and selec-
tively inhibiting GR-mediated transcription to turn on the
genes of protein synthesis (Kaltreider et al., 2001). Alterna-
tively, it could also be increased protein degradation in the tis-
sues. The reduction in plasma protein in animals treated with
xenobiotics has been attributed to the changes in metabolism
of proteins and free amino acids in the liver. In addition, the
low levels of protein detected in the present investigation could
be associated to the excessive loss of protein through nephrosis
(Yousef et al., 2006).
4.5. Curcumin mediated amelioration of carbofuran induced
toxicity in rat
Curcumin is the active ingredient in the dietary spice turmeric
(Curcuma longa). Curcumin is a free radical scavenger, hydro-
gen donor and exhibits both pro- and antioxidant activities. It
also binds metals like iron, copper and can therefore functions
as an iron chelator. Curcumin is remarkably non-toxic and
exhibits limited bioavailability (Hatcher et al., 2008). The
adverse effects of carbofuran and other pesticides have been
shown to be attenuated by antioxidants (Milatovic et al.,
2006). Curcumin (diferuloylmethane) is a phenolic compound
which is used for imparting color and flavor to food, possesses
antioxidant properties (Sharma, 1976; Araujo and Leon,
2001). In the present study curcumin was observed to alleviate
the adverse effects of carbofuran on rat brain. Similar amelio-
rative effects of curcumin have been described by other work-
ers (Tanwar et al., 2010). Though there are reports indicating
the antioxidative and pro-oxidative properties of curcumin at
lower and higher doses, respectively, the exact mechanism of
interaction of curcumin with LDH is not known (Tanwar
et al., 2010).5. Conclusion
The results of the present study show the toxic effects of car-
bofuran on the brain, liver and serum of rats. Carbofuran also
caused significant alterations in the concentrations of pyruvic
acid in the brain and liver of treated rats. This was accompa-
nied by significant alterations in LDH activity and protein
content in the brain, liver and serum of carbofuran treated
rats. Though the reasons of these changes have been explained
above, studies are needed to confirm the hypothesis that
increased LDH activity in brain under influence of pesticide
is regulated via inhibition of Kreb’s cycle and allosteric regula-
tion of the pyruvate dehydrogenase complex. The amelioration
of these toxic effects by curcumin treatment in rats indicatesect of curcumin on carbofuran induced perturbations in the activity of lactate
doi.org/10.1016/j.sjbs.2016.03.002
Protective effect of curcumin against carbofuran toxicity in rats 7that this antioxidant compound has potential to mitigate car-
bofuran induced toxicity in mammalian systems.Acknowledgements
One of the authors (SJ) thanks the University Grants Commis-
sion (UGC)-New Delhi for financial support in the form of a
research fellowship. NJS would like to thank the Research
Center, Center for Scientific and Medical Female Colleges,
King Saud University, Riyadh for the financial support.References
Achudume, A.C., Nwoha, P.C., Ibe, J.N., 2009. Toxicity and
bioaccumulation of the insecticide ‘‘raid” in wister rats. Environ.
Toxicol. 24, 357–361.
Aggarwal, B.B., Harikumar, K.B., 2009. Potential therapeutic effects
of curcumin, the anti-inflammatory agent, against neurodegenera-
tive, cardiovascular, pulmonary, metabolic, autoimmune and
neoplastic diseases. Int. J. Biochem. Cell Biol. 41, 40–59.
Aggarwal, B.B., Kumar, A., Bharti, A.C., 2003. Anticancer potential
of curcumin: preclinical and clinical studies. Anticancer Res. 23,
363–398.
Agrawal, A., Sharma, B., 2010. Pesticides induced oxidative stress in
mammalian systems: a review. Int. J. Biol. Med. Res. 1, 90–104.
Ahmed, T., Pathak, R., Mustafa, M.D., Kar, R., Tripathi, A.K.,
Ahmed, R.S., Banerjee, B.D., 2011. Ameliorating effect of N-
acetylcysteine and curcumin on pesticide-induced oxidative DNA
damage in human peripheral blood mononuclear cells. Environ.
Monit. Assess. 179, 293–299.
Anthon, G.E., Barrett, D.M., 2003. Modified method for the deter-
mination of pyruvic acid with dinitrophenylhydrazine in the
assessment of onion pungency. J. Sci. Food Agric. 83, 1210–1213.
Araujo, C.A.C., Leon, L.L., 2001. Biological activities of Curcuma
longa L. Mem. Inst. Oswaldo Cruz 96, 723–728.
Bagchi, D., Bagchi, M., Hassoun, E.A., Stohs, S.J., 1995. In vitro and
in vivo generation of reactive oxygen species, DNA damage and
lactate dehydrogenase leakage by selected pesticides. Toxicology
104, 129–140.
Dattani, J.J., Rajput, D.K., Moid, N., Highland, H.N., George, L.B.,
Desai, K.R., 2010. Ameliorative effect of curcumin on hepatotox-
icity induced by chloroquine phosphate. Environ. Toxicol. Phar-
macol. 30, 103–109.
Drent, M., Cobben, N.A., Henderson, R.F., Wouters, E.F., van
Dieijen-Visser, M., 1996. Usefulness of lactate dehydrogenase and
its isoenzymes as indicators of lung damage or inflammation. Eur.
Respir. J. 9, 1736–1742.
El-Demerdash, F.M., 2011. Oxidative stress and hepatotoxicity
induced by synthetic pyrethroids-organophosphate insecticides
mixture in rat. J. Environ. Sci. Health. C. Environ. Carcinog.
Ecotoxicol. Rev. 29, 145–158.
Fetoui, H., Garouiel el, M., Zegha, I.N., 2009. Lambda-cyhalothrin-
induced biochemical and histopathological changes in the liver of
rats: ameliorative effect of ascorbic acid. Exp. Toxicol. Pathol. 61,
189–196.
Griffaton, G., Lowy, R., Ardouin, B., Dupuy, F., Plumas, B., 1978.
Cellular energy metabolism in rats receiving diets contaminated
with lindane. Ann. Nutr. Aliment. 32, 111–128.
Gupta, R.C., Goad, J.T., Kadel, W.L., 1991. In vivo alterations in
lactate dehydrogenase (LDH) and LDH isoenzymes patterns by
acute carbofuran intoxication. Arch. Environ. Contam. Toxicol.
21, 263–269.
Gupta, R.C., Goad, J.T., Milatovic, D., Dettbarn, W.D., 2000.
Cholinergic and noncholinergic brain biomarkers of insecticide
exposure and effects. Hum. Exp. Toxicol. 19, 297–308.Please cite this article in press as: Jaiswal, S.K. et al., Studies on the ameliorative eﬀ
dehydrogenase in wistar rats. Saudi Journal of Biological Sciences (2016), http://dx.Gupta, R.C., 1994. Carbofuran toxicity. J. Toxicol. Environ. Health
43, 383–418.
Hatcher, H., Planalp, R., Cho, J., Torti, F.M., Torti, S.V., 2008.
Curcumin: from ancient medicine to current clinical trials. Cell.
Mol. Life Sci. 65, 1631–1652.
Heikal, T.M., El-Sherbiny, M., Hassan, S.A., Arafa, A., Ghanem, H.
Z., 2012. Antioxidant effect of selenium on hepatotoxicity induced
by chlorpyrifos in male rats. Int. J. Phar. Pharmaceut. Sci. 4, 603–
609.
Horecker, B.L., Kornberg, A., 1948. The extinction coefficient of the
reduced band of pyridine nucleotides. J. Biol. Chem. 175, 385–390.
Iqbal, M., Sharma, S.D., Okazaki, Y., Fujisawa, M., Okada, S., 2003.
Dietary supplementation of curcumin enhances antioxidant and
phase II metabolizing enzymes in ddY male mice: possible role in
protection against chemical carcinogenesis and toxicity. Pharma-
col. Toxicol. 92, 33–38.
Ismail, S.M., 2013. Protective effects of vitamin C against biochemical
toxicity induced by malathion pesticides in male albino rat. J. Evol.
Biol. Res. 5 (1), 1–5. Available on <http://www.academicjournals.
org/journal/JEBR/article-full-text-pdf/D5D0F6A4559>. (accessed
30.01.2015)..
Jaiswal, S.K., Siddiqi, N.J., Sharma, B., 2014. Carbofuran induced
oxidative stress mediated alterations in Na+-K+-ATPase activity
in rat brain: amelioration by vitamin E. J. Biochem. Mol. Toxicol.
28, 320–327.
Jaiswal, S.K., Siddiqi, N.J., Sharma, B., 2013. Carbofuran induced
oxidative stress in rat heart: ameliorative effect of vitamin C. ISRN
Oxid. Med., 10 http://dx.doi.org/10.1155/2013/824102. Article ID
824102.
Kakkar, V., Kaur, I.P., 2011. Evaluating potential of curcumin loaded
solid lipid nanoparticles in aluminium induced behavioural,
biochemical and histopathological alterations in mice brain. Food
Chem. Toxicol. 49, 2906–2913.
Kaltreider, R.C., Davis, A.M., Lariviere, J.P., Hamilton, J.W., 2001.
Arsenic alters the function of the glucocorticoid receptor as a
transcription factor. Environ. Health Perspect. 109, 245–251.
Kaplan, L.A., Pesce, A., 1996. Clinical Chemistry: Theory, Analysis
and Correlation, fifth ed. Mosby-Year Book, pp. 609–610.
Kaur, M., Sandhir, R., 2006. Comparative effect of acute and chronic
carbofuran exposure on oxidative stress and drug-metabolizing
enzymes in liver. Drug Chem. Toxicol. 29, 415–421.
Lee, J.C., Kinniry, P.A., Arguiri, E., Serota, M., Kanterakis, S.,
Chatterjee, S., Solomides, C.C., Javvadi, P., Koumenis, C., Cengel,
K.A., Christofidou-Solomidou, M., 2010. Dietary curcumin
increases antioxidant defenses in lung, ameliorates radiation-
induced pulmonary fibrosis, and improves survival in mice. Radiat.
Res. 173, 590–601.
Lowry, O.H., Rosebrough, N.J., Farr, A.L., Randel, R.J., 1951.
Protein measurement with folin-phenol reagent. J. Biol. Chem. 192,
265–275.
Mathews, C.K., van Holde, K.E., Ahem, K.G., 2003. Biochemistry,
third ed. Pearson Education Publishing.
Milatovic, D., Gupta, R.C., Aschner, M., 2006. Anticholinesterase
toxicity and oxidative stress. Sci. World J. 6, 295–310.
Nandi, D., Patra, R.C., Swarup, D., 2005. Effect of cysteine,
methionine, ascorbic acid and thiamine on arsenic-induced oxida-
tive stress and biochemical alterations in rats. Toxicol 211, 26–35.
Nanji, A.A., Jokelainen, K., Tipoe, G.L., Rahemtulla, A., Thomas, P.,
Dannenberg, A.J., 2003. Curcumin prevents alcohol induced liver
disease in rats by inhibiting the expression of NF-kappa B-
dependent genes. Am. J. Physiol. Gastrointest. Liver. Physiol. 284,
G321–G327.
Nathan, S.S., Kalaivani, K., Chung, P.G., Murugan, K., 2006a. Effect
of neem limonoids on lactate dehydrogenase (LDH) of the rice
leaffolder, Cnaphalocrocis medinalis (Guene´e) (Insecta: Lepi-
doptera: Pyralidae). Chemosphere 62, 1388–1393.
Nathan, S.S., Kalaivani, K., Murugan, K., 2006b. Effect of biopes-
ticides on the lactate dehydrogenase (LDH) of the rice leaffolder,ect of curcumin on carbofuran induced perturbations in the activity of lactate
doi.org/10.1016/j.sjbs.2016.03.002
8 S.K. Jaiswal et al.Cnaphalocrocis medinalis (Guene´e) (Insecta: Lepidoptera: Pyrali-
dae). Ecotoxicol. Environ. Saf. 65, 102–107.
Orlando, R.A., Gonzales, A.M., Royer, R.E., Deck, L.M., Vander
Jagt, D.L., 2012. A chemical analog of curcumin as an improved
inhibitor of amyloid abeta oligomerization. PLoS ONE 7 (3),
e31869. http://dx.doi.org/10.1371/journal.pone.0031869.
Rai, D.K., Rai, P.K., Rizvi, S.I., Watal, G., Sharma, B., 2009.
Carbofuran-induced toxicity in rats: protective role of vitamin C.
Exp. Toxicol. Pathol. 61, 531–535.
Sharma, O.P., 1976. Antioxidant activity of curcumin and related
compound. Biochem. Pharm. 25, 1811–1812.
Singh, R.K., Sharma, B., 1998. Carbofuran-induced biochemical
changes in Clarias batrachus. Pestic. Sci. 53, 285–290.
Singh, A.K., Saxena, P.N., Sharma, H.N., 2009. Stress induced by
beta-cyfluthrin, a type-2-pyrethroid, on brain biochemistry of
albino rat (Rattus norvegicus). Bio. Med. 1, 74–86.
Tanwar, V., Sachdeva, J., Kishore, K., Mittal, R., Nag, T.C., Ray, R.,
Kumari, S., Arya, D.S., 2010. Dose-dependent actions of curcumin
in experimentally induced myocardial necrosis: a biochemical,
histopathological, and electron microscopic evidence. Cell. Bio-
chem. Fun. 28, 74–82.
Tenenbaum, D., 2008. Pesticides: Carbofuran under Review. Environ.
Health. Perspect. 116 (10), A425. Available on <http://www.ncbi.
nlm.nih.gov/pmc/articles/PMC2569121/>. (accessed 22.02.2015).
Whyatt, R.M., Barr, D.B., Camann, D.E., Kinney, P.L., Barr, J.R.,
Andrews, H.F., Hoepner, L.A., Garfinkel, R., Hazi, Y., Reyes, A.,Please cite this article in press as: Jaiswal, S.K. et al., Studies on the ameliorative eﬀ
dehydrogenase in wistar rats. Saudi Journal of Biological Sciences (2016), http://dx.Ramirez, Cosme, Y., Perera, F.P., 2003. Contemporary-use pesti-
cides in personal air samples during pregnancy and blood samples
at delivery among urban minority mothers and newborns. Environ.
Health. Persp. 111, 749–756.
Wolkmer, P., Silva, C.B., Paim, F.C., Duarte, M.M., Castro, V.,
Palma, H.E., Franc¸a, R.T., Felin, D.V., Siqueira, L.C., Lopes, S.
T., Schetinger, M.R., Monteiro, S.G., Mazzanti, C.M., 2013.
Pretreatment with curcumin modulates acetylcholinesterase activity
and proinflammatory cytokines in rats infected with Trypanosoma
evansi. Parasitol. Int. 62, 144–149.
Yadav, R.S., Chandravanshi, L.P., Shukla, R.K., Sankhwar, M.L.,
Ansari, R.W., Shukla, P.K., Khanna, V.K., 2011. Neuroprotective
efficacy of curcumin in arsenic induced cholinergic dysfunctions in
rats. Neurotoxicology 32, 760–768.
Yang, F., Lim, G.P., Begum, A.N., Ubeda, O.J., Simmons, M.R.,
Ambegaokar, S.S., Chen, P., Kayed, R., Glabe, C.G., Frautschy, S.
A., Cole, G.M., 2005. Curcumin inhibits formation of b amyloid
oligomers and fibrils, binds plaques, and reduces amyloid in vivo. J.
Biol. Chem. 280, 5892–5901.
Yousef, M.I., Awad, T.I., Mohammad, E.H., 2006. Deltamethrin
induced oxidative damage and biochemical alterations in rat and its
attenuation by Vitamin E. Toxicology 227, 240–247.
Zaahkouk, S.A.M., Helal, E.G.E., Abd-Rabo, T.E.I., Rashed, S.Z.A.,
2000. Carbamate toxicity and protective effect of Vitamin A and E
on some biochemical aspects of male albino rats. Egypt. J.
Hospital. Med. 1, 60–77.ect of curcumin on carbofuran induced perturbations in the activity of lactate
doi.org/10.1016/j.sjbs.2016.03.002
